Postirradiation sensitization of mammalian cells by the thiol-depleting agent dimethyl fumarate.
Dimethyl fumarate (DMF) depletes intracellular glutathione (GSH) by covalent bond formation in a reaction mediated by GSH-S-transferase. Treatment of hypoxic Chinese hamster V79 cells with 5 mM DMF before irradiation radiosensitizes the cells, resulting in an enhancement ratio (ER) of about 2.7 with minimal toxicity, when the end point is clonogenic cell survival. Under the same conditions aerobic cells are sensitized, and ER of about 1.3 is found, and GSH is reduced to about 3% of control. Very similar results were obtained previously with Chinese hamster ovary (CHO) cells. In addition, new data presented here show that DMF treatment of V79 or CHO cells immediately after irradiation under hypoxic conditions sensitizes the cells, resulting in an ER of about 1.5, DMF treatment after irradiation under aerobic conditions results in an ER of 1.3, and this DMF treatment reduces protein thiols (PSH) to about 70% of control. When induction of DNA damage is measured using the neutral elution assay, treatment of V79 or CHO cells with DMF prior to irradiation under hypoxic conditions results in an ER of 1.9-2.0, but there is no enhancement of DNA damage when DMF is added after irradiation under hypoxic conditions or when cells are treated with DMF before or after irradiation under aerobic conditions. Based on these data we postulate that DMF radiosensitizes killing of hypoxic cells by two actions: depletion of GSH interferes with the chemical competition between damage fixation and repair, and depletion of PSH causes an inhibition of enzymatic repair processes. We also suggest that DMF sensitizes aerobic cells only by inhibition of enzymatic repair processes.